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Top quark production at 1.96TeV

Top quark pair production via strong interaction

—

pp. pp

proton

Cacciari etal, JHEP 0404:068,2004

6.7 pb (1.96TeV, m,=175GeV/ %)

Not discovered yet

s-channel: 0.88pb

Sullivan, Phys.Rev.D70:114012,2004

t-channel: 1.98pb
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DO & CDF Run Il Integrated Luminosity

through 18 February 2006

=== CDF Delivered (from February 9th 2002)

===DO0 Delivered (from April 19th 2002)
CDF Recorded (from February 9th 2002)

===DO0 Recorded (from April 19th 2002)

total recorded
~ 1200/pb
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Top quark decay & identification

tt decay modes

t—>Wb =100%

Need to reconstruct and identify
Electrons, muons, jets, b-jets
and missing transverse energy

decay product have:

- good angular separation in the
lab frame

* high transverse momentum

lepton + jets
tau + jets

all hadronic

tau + jets

lepton + jets

dilepton (e/p)
4.5%

e/mu + jets
29%
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Dilepton cross section

low BG but low yield

@

CDF Run Il preliminary (750 pb™)

—a— Data

>15GeV

; kgd = 1o uncertainty
[ Jtie=8.3pb)

] wwiwz

o

[ fake

b quark jet

b quark jet
Sample recorded on inclusive 0 jet 1 jet >2jet HT>200 + OS
lepton triggers with E(I)>18GeV Jet Multiplicity after Z veto, MET > 25 GeV and L-cut

o, = 8.3 £1.5(stat) =1.0(syst) £ 0.5(lum1) pb
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Add lepton+track events

* Loosen the selection
' (one reconstructed letpton + one track)
» Recover S/B with b-tagging

l+track =7.155 (stat)" 5 (syst)pb

m * Veto 2" other flavour lepton
- (combination with e+p)

muttrack l+track + ey =8.67, (stat)’,"| (syst)pb

Sl LI RN o, = 8.6757 (stat) "5 (Syst)pb
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Lepton + jets channel

medium yield, medium BG
Golden channel for properties

b quark jet



CDF Run Ii Preliminary(BQSpb'I)

—s—Data

[ 1ti(8.8pb)
[ INon-W QCD
[ Diboson
Single Top
I Wcee

B Wbb

[ Mistag

l+jets with b-tagging
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1-tag and H>200GeV

—»—Data

[t (8.2pb)
I Non-W QCD
[ ]Diboson

[ Single Top

W+1 jet W+2 jet W+3jet  W+=4 jet
Jet Multiplicity

‘Ultra-pure’ top sample

Number of Events

+2.0

[ Mistag o, =838 j’f (stat.) *5 (syst.)pb

Relative systematic uncertainties:

Source Uncertainty (%)
b-tagging

luminosity

W+1jet  W+2jet W+3jet W+=4 jet .. . . .
] J : Jet Multipl#city parton distribution functions

jet energy scale
initial /final state radiation
O-;f — 82 + 06 (Stat) + 10 (S}’S-) Pb leI:;t.on identification

Total
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D@ Run Il Preliminary (360 pb")

* D@ Data Candidates
7] D@ Data Untagged Multi-Jet Events

* D@ Data Candidates
[ D2 Data Untagged Multi-Jet

combinations/5 GeV
combinations/5 GeV

250 300 50 100 150 200 250 300 350 400 450 500
ji Mass (GeV) bjj Mass (GeV)

D@ Run Il Preliminary (360 pb’)
* D@ Data

m Pythia tt 175GeV

High yield, high BG

Data with final selection
(with btagging)

Background
From data

12.1+£4.9(stat) £ 4.6(syst)pb

100 150 200 250 300 50 100 150 200 250 300 350 400 450
ji Mass (GeV) bjj Mass (GeV) ) 06
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D@ Runll Preliminary

d“E‘ptOﬂ (topological)
230pb”~"

|+jE‘tS (topological)
230pb”~"

dilepton/l+jets combined
230 pb ™’

dilepton (topological)
370 pb”~"

Itrack/emu combined NEW
370pb”’

|+jE‘tS (b-tagged)
370pb”"

a”'jets (b-tagged)
350 pb”~"

all-jets (b-tagged) NEW
360 pb”'

+3.2 +1.1

+4416
6? -1.3-1.1

#2414

7.1 -1.2-11 P

+23 412

8.6 -20-10 P

+19+1.1

8.6 -1.7-141 P

+26 415

2.2 -25-10 P

8.6 =27 -141 P

pb

b

b

b

b

b

1
+4.9 +4.6
12.1 -4.9 486

Cacciari et al. JHEP 0404:068(2004), m,__=175 GeV

o

ph

0 25 5
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l:l Cacciari et al. JHEP 0404:068 (2004)
Kidonakis,Vogt PRD 68 114014 (2003)

| T 1 | LI | LI
Assume m=175 GeV/c
CDF Preliminary

'Dilepton
(L=750pb )

'Lepton-l-Jats: Kinematic
(L=760pb™)

'Lapton-l-Jats: Vertex Ta
(L= 695 pb™)

8.31+1.5+1.0+0.5

6.0+0.6+0.9+0.3

.2+0.6+0.9+0.5

Lepton+Jets: Soft Muon
(L= 193 pb™)

"MET+Jets: Vertex Tag
(L=311pb”)

1.3
5.3+3.3+13:0.3

"All-hadronic: Vertex Ta/
(L=311pb")

"Combined
(L= 760 pb™)

7.310.5+0.6+0.4

(stat) + (Sys? + (lumi)

2 4 6

8 10 12 14

o(pp — tt) (pb)




Probing the Wib vertex

*t=>Wb / t->Wq
* W helicity in top events

* single top

Anomalies = New physics ?
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Probing the assumption

p_ Brt—>Wh) _ v, I

— =% =(0.9980 t00.9984
Br(t—Wq |V, F+IV F+IV, [

(True in SM with three quark generations)

Measurement: count b-jets.
The number of b-jets depends strongly
on R and the tagging efficiency.

DO Preliminary ® Data > Result is obtained from a binned
CWajets maximum likelihoodfit te data

[ Multijet
@ Other for Njet =3 and Njet —/

Wi > Simultaneous fit
to R and cross section

Number of events
a

—
a
]

—
=]
ha

10

-

1 22 Br(t-Wb)=1 and c,=7 pb
Number of b-tagged jets
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Result

D@ Preliminary

B = Brit= Wh) _ 1.037 1> (stat + syst)

95% C.L. Br(: — Wq)
68% C.L. _ The most precise
2 * measurement to date
0 0.2 04 06 0B 1 12 14 16 18 2 / hep'eX/O603002

B(t - Wb)/B(t — Wq)

Model independent cross
section measurement

0. =7.9" ] (stat+syst)pb e

Br(t — Wb) _ +0.21 +0.17
D Br(t— Wq) 112 20 (stat) g i3 (syst ) [sapo
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W Helicity from t=> Wb Decays

Examines the nature of the tWb vertex,
probing the structure of weak v
interactions at energy scales near EWSB top rest frame /

Stringent test of SM be— @ <
and its V-A type of interaction. \[ |/
&

Uses boosted W from top decays

— Longitudinal

- Left-handed
Right-handed

Arbitrary Units

T I
Lepton PT (GeVic]

1/2- (M7 — M3 ) (1 + cosyy)
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Results

D@ Preliminary
370 pb ™
combined

s

—+- Data

— Best Fit

— Longitudinal

---- Left-handed
Background

N
o

Q
e
>
®
O]
o
N3
2]
Q@
A
=
[
L

o

100 200 250 300
Lepton PT [GeV/c]

0 +0.22
F* =0.08£0.08(stat) +0.06(syst) F" =0.742)75 (stat +syst)
F'<0.27 @ 95% CL (162/pb)
Update with respect to:
PRD 72, 011104 (2005) M, + lepton pt

hep-ex/0511023
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EW top guark production
(“single top”)

Not discovered yet

s-channel t-channel

NLO calculation: 0.88pb (+8%) 1.98pb (x11%)

M.Weber
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Analyses

use of kinematical distributions to separate single-top
from t-tbar and W+jets

Different approaches: discriminant / NN / decision trees

—_ 1
D@ Run Il Preliminary, 370 pb” D@ Run Il Preliminary, 370 pb

— t-channel (x10) — t-channel (x10)
s-channel (x10) s-channel (x10)

I Bt

o WHjets, WW, WZ ] W+j§:_ts, WW, WZ

I Multijet I Multijet

—— Data

tt

Event Yield
Event Yield

0 01 02 03 04 05 06 07 08 09 1 0 0.1 3 0.3 04 0 0.8
Double tag tt/s-channel Likelihood filter Double tag Wtjets/s-channel Likelihood filter

05 06 07 08 09 1
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Results

Latest results (370/pb) likelihood
s: <5.0 pb @ 95%C.L. Latest CDF results (695/pb) NN
t: <4.4pb @ 95% C.L. s: <3.2pb @ 95% C.L.
B X t: <3.1pb @ 95% C.L.
Earlier limits published in s+t: <3.4 pb @ 95% C.L.
PLB 622, 265 (2005)
D@ Run Il Preliminary, 370 pb"' Earlier limits published in D
o s T PRD 71 012005

. . . s-channel
discriminant

e
B

t-channel
CDF Il preliminary

Limits will hopefully not decrease, I S T S S S A
but the signal significance increase integrated |uminosity [ 1/4b ]

G23 <4.4pb

~t, observed
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Single top searches
probing Nnew: physics

DG 230 pb'1 From NN analysis

[]95% cL @ Standard Model
PRD66, 054024 (2002)

I:IQD% CL Top-flavor (m =1TeV)

Ztc FCNC (g, =g )
0 C
[ les% cL 4th family (V}U.é)

Top-pion (mﬂ=250 GeV)
PRD63, 014018 (2001)

4 6 8 10
s-channel cross section [pb]
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Is the ‘top’ the SM top ?

* charge

° lifetime

M.Weber

HCP 2006
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Top charge

e A most fundamental quantity characterizing a particle

e Possible alternative to +2/3e (D.Chang etal PRD59, 09153(99))
e Introduce an exotic 4t family (Q,,Q,)s, with charge (-1/3,-4/3)
e Q, is the “discovered top quark”
e True top quark has a mass of ~270 GeV and escaped detection

M.Weber HCP 2006 22



D® Run Il Preliminary

* Data
—1Ql = 2/3e
—1Ql = 4/3e

0.5 1 1.5

0
L
-E
7]
c
w
o
=]
o
]
o
£
S5
=

Reconstructed Top Quark Charge [e]

93.70/0 AEX < Adata
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top lifetime ®

Lepton + jets channel with 1 tagged jet

Impact parameter of lepton

¢— data: RMS=33.4+ 1.9 um
] best fit (RMS=41.3 um)

Primary Vertex constrained by jets

Events/5 um

Measure the lepton impact parameter

—c,=25um

CDF Run 2 Preliminary —ct=50pum
—c1,=100pum

o

units

d, (um)

&

]
]
=
=
)
= .
o1

Maximum likelihood for ct,,,=0 um

\

. cT,, <52.5um at95% CL

Observed electron d,, (1m) SM : 3X1 0_1 O,J,m
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Is there more than the top ?

* t-prime

® resonamces

M.Weber
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a3 O |

pan
- Search forat - > Wb D

Search for a heavy CDF Run 2 760 pb-1
4th generation quark Preliminary

) t'—hwq, =4 lEts
(He etal. Hep-ph/0102144) Hy vS Mieco

Template fit in (Hy, M)

range of
expected 95% CL
upper limits
theoretical prediction

(Bonciani et al.)
CDF Run 2 760 pb1

Preliminary t'—Wgq, = 4 jets
Ht vs Meco

| m(t) = 250 GeV

P Lower limit on the t' mass of
258GeV/c?2 at 95% C.L.

350 400
t' mass (GeV)

>
o
o
0
o
)
Ll
c
S
o

200 300 400 500 600

Hy (GeV) Expect m(t')>300 GeV/c?
with 2/fb, unless...
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I-tbar resonances in /+/ets

CDF Run 2 preliminary, L=682pb™

frnne] —a— Expected limit at 95% C.L.
Expected limit at 95% C.L.+15

Q0o

Search for a resonance in the g
t-tbar invariant mass spectrum T g
‘;I Expected limit at 95% C.L. +2c
m —&— Observed limit at 95% C.L.
‘bﬁ 6 Leptophobic Z', [»=1.2% M,

450 500 550 600 650 700 750 800 850 900
M,, [GeV/c?]

Result: upper limits

> Model exclusion: narrow leptophobic Z’ with I'=1.2%M.,

o CDF: exclude M(Z')<725GeV/c?

o DO: exclude M(Z)<680 GeV/c?
HCP 2006
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Conclusions

Top turns eleven, we are now in the
precision era of top physics

Top production Is consistent with the standard model
expectation. There is still space for anomalies.

Detailed studies of EW from the tWb vertex
Single top (EW production) to be discovered
Searches for exotics

Understanding top quark production and properties will be
crucial for success at LHC. What we learn at the Tevatron,
both physics and analysis tools, extends directly to LHC!
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CDF I Preliminary 760 pb”

(pp — tt) (pb)

Cacciari et al. JHEP 0404068 {2004)
Cacciari et al. £ uncertainty

Kidonakis,Vogt PIM PRD 68 114014 {2003)
Kidonakis, \Vogt 1P|

AR T TR N TN T T N T N T AT N AN TN TN T AN TN T TN A TN T T [N N T S [N S TN S N SO N
1060 162 164 166 168 170 172 174 176 178 180
Top Quark Mass (GeV/e
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20 nations
92 institutions
~700 physicists

i n=0 n=1.

Muon Scintillators
e e e =
Muon Chambers

/

[
‘ Calcrimeter \

Toroid

8 layer silicon
16 layers scintillating fibers
2T Solenoid

Calorimeter:
Cental + EndCap

1.8T Toroid

3 layers muon scintillator + drift
tubes

Y V V V

Y VYV

12 nations
60 institutions
~800 physicists

Silicon detector
COT: drift chamber
Solenoid

Calorimeters:
Central, wall, plug

Muon:
scintillator + chamber

M.Weber HCP 2006
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Main Injector

. Recycler




Layer O installed at DZero!
- /4/ | % IBR

M.Weber
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Dilepton channel(s)

> Features:
o« Small Br
« Small background

b quark jet /
1

> Selection
« Jets with E; > 15GeV

o [Two charged
opposite sign leptons
pT>15 GeV

o Or 1 lepton and one track

o E,,sand additional
selection optimized
by channel

> Backgrounds
e WW/WZ, Z/yv" =11l
o fake E, .. in DY or

M. Weber HCP 2006 fake leptons in multijet 33



All hadronic channel

> Features:
. Large Br

« Large background
(S/B~1/300)

o Need b-jet tagging

> Selection
o Atleast six jets pT>15 GeV
o 1 hard primary vertex
o >3 jets assigned to it
o AR(tagged jets)>1.5

> Backgrounds
o multijet production

M.Weber HCP 2006 34



Lepton+jets channel

> Signature > Features:
. Relatively high Br (29%)

« Manageable background
o Perfect for studies of top
properties

> Selection
o One isolated pT>20 GeV
e 23 jets with pT>15 GeV
o 21 jet with b-tag
o E;is>20 GeV

> Backgrounds
e W +jets
o Multijet

b quark jet

M.Weber HCP 2006
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| X-section

multijet: 78.0 + 4.2 events
Wjets:1698.1+ 49.7 events
signal: 324.6 + 31.6 events

'"""“ 05 06 0.7 0.8 09 1 D

ANN output

CDF Preliminary (760 pb-!)
Sample Events Fitted #7 o(#7)

2102 3246 +316 |60+06+09pb

166.0+221 |58+08=13pb
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o-jet tagging

Both CDF & DO use Secondary
Vertex b-tagging algorithm
to reduce the W+jet background
for top events (require tagged jets)

Secondary vix

displaced track
b-quark lifetime

Primary vix ‘f':' .“
7 Impact parameter cT ~ 450um

— B hadrons travel
~3 mm before decay

M.Weber HCP 2006 37



All jet

High yield, high BG

D@ Runll preliminary

Integrated Luminosity = 349 pb ’
.predicted background (data)

= tt MC + background

b quark jet

—-o— 6-jet data (Vertex Tagged)

NN
H; plus 5 more

variables Signal

region

0.85 0.9 0.95 1

NNaII discriminant

N,,.= 541

NN>0.9 NPredict = 49448

il

200 400 600 800 1000

o o =5.255 (stat)"}? (syst)pb
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3 Top events are
- > Energetic
0.4 . 0.5 ° HT
Aplanarity > Central
2. » Centrality: Hy/H
g > Spherical
= « Aplanarity
2 (large A = spherical events)
L | « Sphericity
' (large S = Isotropic events)
Ad(e, missing ET) Sphericity
_ > A(P(II ETMiss)
s > Kimin . _
8 o Mmeasure of minimum jet py
= relative to another.
M.Weber HCP 2006 39



Discriminant function

S(x,x,,...)

o
'S

D_

- S(x;,%,,...)+ B(x;,x,,...)

o
©
w o

>
=
e
(1]
e
o
S
(a8
e
o
(<))
>
(11}

s, B — probability density functions

for signal and background
X1, X955« _ 3 set of input variables

For
uncorrelated

"= EDIES . 04 06 0.8 1
Discriminant

o
)

o
exp( 2, (In )
N S; (Only W+jets used in the
exp( Z,—(ln b_)) +1 discriminant as the kinematic
i properties of multijet are similar)

M.Weber HCP 2006 40



Expected Relative Error on ttbar Fraction from NN-shape Fit

MC sample ~ 195 pb™
Nj=z3

h 18
NMumber of Input Variables
Adding more event information allows
better discrimination of top events.

M.Weber
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Integrated Luminosity.

produced __
Luminosity Per Year N — O- * B

events
A0mASr | 2emAhr | 20mAdhr | 15mAhr

Fiscal Year| (fb™) (o™ (o™ (o) .
FY03 033 033 033 033 Desi gnh
Fy04 0.34 0.34 0.34 0.34
FY05 061 0.60 0.60 0.60
FY08 0.87 0.70 067 063
FY07 1.81 1.25 0.93 0.74
FY03 1.95 152 1.03 072
FY09 2.14 1.80 1.24 0.36
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